A analytical and explicit drain-current equation has been derived for undoped symmetric double-gate MOSFETs. This current equation is expressed clearly with surface potential and verified with numerical results both in the subthreshold and the saturation region. It facilitates the calculation of drain current if only the surface potential is known, which is suitable for compact model development.
Introduction: With aggressive scaling, CMOS technology is fast approaching the end of the technology roadmap. Novel device architectures are being rigorously investigated to continue the scaling trends. Multiple-gate (MG) structures such as planar double-gate (DG) MOSFETs, vertical FinFETs, nanowire surrounding gate, and various three-dimensional geometries have been proposed. MG MOSFETs exhibit large inherent immunity to short-channel effects, sharper subthreshold slope, and higher drive current. Recently, there has been intense research interest in the development of compact models for SOI/DG MOSFETs. Yuan Taur et al. presented an analytic draincurrent model for DG MOSFETs [1] . In their paper, an ambiguous parameter b is introduced, which is implicit and unclear for physical meaning.
In this Letter, we re-derive an analytical drain current solution and remove the b parameter. Instead we express the analytical drain current equation based on the surface potential of DG MOSFETs, without any fitting parameters and approximation. We also describe the relationship between the surface potential and b. Finally, with the help of the explicit surface potential model we developed before [2, 3] , we can make an explicit drain current equation through the whole region, which is verified with numerical results. where f 0 is the potential at the midpoint of the channel, q is the electronic charge, 1 si is the permittivity of silicon, n i is the intrinsic carrier density, f(x) is the electrostatic potential and V is the electron quasi-Fermi potential. After substituting (2) into (1), we get
From Gauss's law, the total mobile charge in the channel Q i can be expressed by
where t si is the silicon thickness. From Taur's paper [1] a continuous I-V has been derived from analytic solutions of Poisson's and current continuity equations. For long-channel DG MOSFETs:
where b is a solution of implicit equation (4) in [1] , which can only be solved numerically. It is also mentioned that b is included in the
After analysis and comparison of (4) and (6) 
where V g is the voltage applied to both gates, t ox is the oxide thickness. Dw i is the work function of both the top and the bottom gate electrodes with respect to the intrinsic silicon. After transformation of (7) f s can also be expressed as a function of f 0 : 
After substituting (10a) 
where V gf ; V g 2 Dw i . Now we can see the current equation is expressed as a function of surface potential, which has much clearer physical meaning. It does not have any fitting parameters and approximation, either. Based on (11), the current equation can be easily calculated as long as the surface potential is extracted. The explicit current equation can also be derived based on our previously developed explicit f s model [2, 3] , the accuracy of which is determined by the accuracy of f s .
In the subthreshold region, f s is biased at volume inversion, which means V gf ¼ f s . After substituting V gf ¼ f s into (11), we get the subthreshold current
Results: Fig. 2 validates the explicit drain-current model for the output characteristics with the numerical (MEDICI) results for four values of gate voltages. Fig. 3 compares the transfer characteristics as calculated analytically with that simulated by MEDICI, for three values of oxide thickness. The subthreshold current is independent of gate oxide thickness. The MEDICI numerical device has an ideal structure with 10 mm gate length and constant mobility as well as the same layer thicknesses as those used in the model. The model agreements with the numerical data are found to be excellent. 
